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(54) Methods for the identification of compounds useful for the treatment of disease states 
mediated by Prostaglandin D2 



(57) The present invention relates to the discovery 
that PGD 2 is the natural ligand for orphan receptor 
CRTH2 which interaction, it will now immediately be 
recognized, is important in the development of valuable 



pharmaceuticals. The present invention is therefore re- 
lated to methods for screening for therapeutic com- 
pounds useful in the treatment of PGD 2 -related d.sor- 
ders such as allergy, asthma and inflammation. Appro- 
priate assay methodology is also disclosed. 
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Description 

Field of the Invention 



30 



rm] ^ present invention relates to the identification o, compounds usefu, in the — and prevention o, 

:^rr.e^^^^ 

ncU^ 

[00031 in general, synthesis of eicosano.ds is ^^X^^eptora) Unlike stored, pre-formed chem- 
aotivation pathways (such as binding of IgE .mmunoglobins to cell su «^ , Eioosano ids, in turn, 

fell mediators, eicosanold lipid mediators ^JW* ^ e ^^tl~us flssues. Prostagiandins 
bind to specific cell surface receptors thereby media ng a ^ va ^ 0 , tem . Antagon ist compounds have 

are Imownto mediate many inflammatory resp^^^ 
been developed for various classes o e ~'* ^ 

[00041 Generally speaking, the '""^'X^Tcted area facilitates contact with antibodies, and also pemrats 
injury. For example, leakage o( tissue fluids into the ™ unfortunately, an inflammatory response may 

the migration of white blood cells to d.rectly combat any f^;^. para c P ation by inflammatory system 
beinappropriate.thatis.rtmaycontinuefo^ 

components that, unfortunate*, act to damage tc .the to* ^ inflammatory proc . 

According* there are numerous ^cumstance whe e, ^edicaHy W P ^ inflammatory disease . ^ is 

lea Jen, of anergic diseases, including allergic ^ ^ 
is ateo directed general* to the 'denttotion ^P^^mmato^ disorders such as rheumatoid arthritis, 
involving inflammatory components lindudmg, P*°™™' « 2 " nB - erythem3 ' "* 

Rp pnrted Developments 

^ r r ... .»* — - - sassssr ssssss 

B^IISde^.ZTO) ^™'*"™^™^^^. m.lh»l»«»«»«. ««■*«. ' 

matory conditions. n , ata i ats it is also produced by mast cells, macrophages, and other cells 

[0007] PGD 2 is known to be produced by platelets. It . als > p oou y Qf jnc|ude 

[hat participate in inflammatory processes, ^ P^Z io ri mTsde modulation o, signal transmission in 
5 inhibition of platelet aggregation, relaxation and ™ ceils that mediate Inflammatory response, 

neurons, sleep induction, and facilrtatior , of the ^^"^SSS^anef^dlMa^, such as allergic rhinitis 
Mas t celis have longbeen associated w,,h .mmunog^in^ 

of allelic responses (Wills-Karp, 1999, Annua Rev,ewo^^ 
correlates with the leveio.Tha-pmduc.d^ 

bronchial biopsy specimens (Robinson e a/., 1 » svmptom s by corticosteroids correlates well 
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downstream signalling events, ^ough numerou^ecepto^ havebeen ^ ^ ^ 

FP and EP), only the DP receptor has been shown to have *P™eny tor 2 |so|alion 

£ P onses,\*^ 

efforts in this regard have failed (see Nrn^^. by human Th2 cells (Tanaka K, et al., J Immunol, 

[0010] Recently it has been determined that PGO= . partiou , a r G-protein coupled receptor, 
64(5) pp. 2277-80, 2000). It has also been determ ned »*™ «*" ex P of P lmmunology 16 2(3):1 278-86, and U. 
origin^ cloned from a human Th2 cel, W *j3JiV te been termed CRTH2 
S Patent 6,040,426, both of which are incorporated by eference here , w accession number 

fohemoattractant receptor-homologous molecule expressed on Th2 cells). See 

AB008535. . „„ M „ H fmm a wide variety of tissues including the brain, lung and 

[0011] The CRTH2 receptor is ^^WW^^^™* immune ^ ^ , „ 

2SKSSB a^rsss^- - • - — <-» - - 

FMLP receptor. Additionally, no natural ligand for CRTH2 has , cm - H2 „ in (act PG D 2 which 
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OUiiimcuy ^' 

[0013, Tbepresentinventfon.dlrectedto^hodsfor^ 

Ltmen, of PGD 2 -re^« disorders, such as ~ an d the role of this interaction in allergto 

the discovery as described herein that ^^f^^X^t^ *™°> scrBening « '° 

of such modulators (for example agonist octagon,* and th eir e u*ant such as, for example, 

be useful in the treatment and prevention of ^^^^ will be useful in the treatment 
energy, asthma, and generally, in— o „ c n ^^^nh^the interaction o, PGD 2 and CRTH2. 
and prevention of disorders and aH ^^^^jL mmi , ha . modulates a CRTH2-PGD 2 -med,ated proc 
[001 5] The invention provides a method for identifying a i compou PGD 2 ; and b) determining 

L, comprising: a) contacting CRTH2 with a test 'T^±^^^^L la effects** the same sKe on 
the biologies, effects thereof. In a ^^^^^ITr^ze^tm need not always be so, 

fhrrrdoS-^ 
^^^^ 

of a CRTH2 activity, or the level of expresson JCRM J^ciS-und. then a compound that modulates a 
expression differs from that measured in the absence of ™ c ^ M measured ls the abilrty to interact 
CRTH2-PGD2-mediated process is Identified Ir ['^^^^^^ response of the cel. to PGD 2 . 
„,,h PGD 2 . in another embodiment, the CRTH2 ^me^ed whjch expresses CRTH2 

[0018] In another embodiment, this method further ^ 
„i,htheiden W iedoompound;andb)de,e = hete^ 

embodiment, eitherthe first or the ^^^KE^ h *e chemotactio response of the cell to PGD, 
rriSS! rJS^SfS^-:-^ <*♦ concentration, the release of react.e 
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oxygen species, or actin polymerization. 

[0019] Also encompassed by the invention is a method for identifying a compound that modulates the binding of 
PGD 2 to CRTH2, comprising: (a) contacting the CRTH2 with PGD 2 (or an analog thereof) in the presence of a test 
compound; and (b) measuring the amount of PGD 2 (or analog) that is bound to CRTH2, such that if the amount of 

5 bound PGD 2 measured in (b) differs from the amount of bound PGD 2 measured in the absence of the test compound, 
then a compound that modulates the binding of PGD 2 to CRTH2 is identified. In one embodiment, the CRTH2 contacted 
in step (a) is on a cell surface. In another embodiment, the CRTH2 is immobilized to a solid surface. In another em- 
bodiment, the solid surface is a microtiter dish. In yet another embodiment, the amount of bound PGD 2 is measured 
by contacting the cell with a PGD 2 -specific antibody. 

10 [0020] In still another embodiment, the PGD 2 is labeled and the amount of bound PGD 2 is measured by detecting 
the label. In one embodiment of this method, the PGD 2 is labeled with a fluorescent label. 

[0021 ] The invention further provides a method for detecting a CRTH2-PGD 2 related disorder in a mammal compris- 
ing measuring the either the level of CRTH2 gene expression, or of CRTH2 receptor, in a patient sample, such that if 
the measured level differs from the level found in clinically normal individuals, then a CRTH2-PGD 2 related disorder 
is is detected. 

[0022] Also encompassed by the present invention are kits. A kit is provided comprising (a) PGD 2 or an an analog 
thereof, or (b) a CRTH2 polypeptide, or (c) nucleic acid encoding a CRTH2 polypeptide or.for example, (d) a cell 
expressing CRTH2, as packaged in a container with appropriate instructions and additional reagents. In one embod- 
iment, the kit further comprises instructions for use in detecting the presence of a CRTH2-PGD 2 related disorder in a 
20 patient. 

[0023] The term "PGD 2 -mediated n as used herein includes processes that are dependent and/or responsive, either 
directly or indirectly, to the level of expression, synthesis and/or activity of PGD 2 . Such processes include, but are not 
limited to allergic, asthmatic, and inflammatory processes, such as chemotaxis of inflammatory cells, inhibition of plate- 
let aggregation, relaxation and constriction of smooth muscle, and neurological regulation, including sleep, body tem- 

25 perature and pain response regulation. 

[0024] The terms "CRTH2-PGD 2 - related disorder" and "CRTH2-PGD 2 -related conditions" as used herein refer to 
disorders and conditions in which PGD 2 participates, or which may be affected, beneficially or adversely, by the con- 
centration of PGD 2 in a patient. Such disorders and conditions may result, for example, from an aberrant level of PGD 2 
expression, synthesis and/or activity relative to levels found in normal, unaffected, unimpaired individuals. Such dis- 

30 orders include, but are not limited to, allergic disorders, asthmatic disorders, and inflammatory disorders, such as 
allergic rhinitis, allergic asthma, bronchoconstriction; and neurological disorders, including sleep disorders; and disor- 
ders in the regulation of body temperature or pain response. 

[0025] For the purposes of the present invention, an "analog" of PGD 2 is a compound generally similar in structure 
to PGD 2 , and which generally has the same general biological effect as PGD 2 , at least under one condition of assay. 
35 Thus, in an assay in which the activity of potential PGD 2 -agonist or PGD 2 -antagonist compounds will be measured, 
the analog may be substituted for any PGD 2 itself that would otherwise be used in said assay. 



Brief Description of the Drawings 
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Figure 1 


A. Scatchard plot analysis of the [ 3 H]-PGD 2 binding to cells transfected with CRTH2. 




B. The effects of the prostaglandins and their analogs on human eosinophil pH]-PGD 2 binding site. 


Figure 2 


Structures of Certain PGD 2 Derivatives. 


« Figure 3 


Chemotactic Response of PGD 2 , mMDC and mSDF in Human T Lymphocytes. 


Figure 4 


Chemotactic Response of Human Basophils to PGD 2 and C5a. 


Figure 5 


Structures of PGD 2 Antagonists IAa-11 and BW-A 868C. 


Figure 6 


Structures of prostaglandins and analogs. 


Figure 7A/B 


Structures of PGD 2 Agonists based on the PGD Ring. 


50 Figure 8 


Structures of PGD 2 Agonists based on the PGF Ring. 


Figure 9 


Structures of PGD 2 Agonists based on the PGJ Ring. 


Figure 1 0 A/B 


Structures of Certain PGD 2 antagonists. 



Detailed Description of the Invention 

55 

[0027] Described herein are screening assays for the identification of therapeutic compounds useful for the detection 
and treatment of PGD 2 -related disorders, such as allergenic disorders, asthma, and inflammatory response disorders. 
The assays are also adaptable for the detection of compounds that, relative to PGD 2 itself, show enhanced 
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PGD 2 -CRTH2 binding and activity. Such screening assays include first, primary screening assays, which may be adapt- 
ed to high-throughput screening formats, and, second, secondary screening assays, which can be used to further 
characterize lead compounds identified in the primary screens. In addition, there are disclosed diagnostic and thera- 
peutic methods for the use of identified compounds in the treatment of PGD 2 -related disorders. 
5 [0028] The screening assays described herein may be used to identify, for example, organic compounds, peptides 
and proteins (including antibodies) that modulate the interaction of PGD 2 with CRTH2. 

[0029] Such identified compounds, and the like, may be used as agonists or antagonists of the chemotactic induction 
of CRTH2 by PGD 2 . For example, compounds that affect CRTH2 activity include but are not limited to compounds that 
bind to CRTH2, thereby inhibiting binding of PGD 2 , and that either block chemotactic induction (antagonists) or enhance 
10 chemotactic induction (agonists). 

[0030] The methodology of the present invention is also useful to detect (or confirm the activity of) compounds that 
bind to PGD 2 , thereby preventing or enhancing binding of PGD 2 to CRTH2. The therapeutic activity of antibodies may 
be confirmed according to this aspect of the invention. 

[0031] Compounds that affect CRTH2 gene activity (by affecting CRTH2 gene expression, including molecules, e. 

15 g. } proteins or small organic molecules, that affect transcription or interfere with splicing events so that expression of 
the full length or the truncated form of CRTH2 can be modulated) can also be identified in the screens of the invention. 
[0032] Further, it should be noted that the assays described can also identify compounds that modulate CRTH2 
signal transduction (e.g., compounds which affect downstream signaling events, such as inhibitors or enhancers of G- 
protein activities which may participate in transducing the signal activated by PGD 2 , or other ligand binding to CRTH2). 

20 The identification and use of such compounds which affect signaling events downstream of CRTH2 and thus modulate 
effects of CRTH2 on allergic or inflammatory responses, for example, are within the scope of the invention. 
[0033] The primary screening assays described herein are designed to detect compounds that modulate the 
PGD 2 -CRTH2 interaction, that is, the test compounds act in the place of PGD 2 at the CRTH2 receptor, either negatively 
or positively compared with PGD 2 , or which combine with or otherwise modify PGD 2 , thereby affecting how it acts at 

25 the CRTH2 receptor. As described in detail below, such assays are functional assays, such as binding assays, that 
can be adapted to high-throughput screening methodologies. 

[0034] Binding assays can be used to identify compounds that modulate the interaction between PGD 2 and CRTH2. 
In one aspect of the invention, the screens may be designed to identify compounds that interfere with the normal 
interaction between CRTH2 and PDG 2 , such as other natural prostaglandins, or analogs thereof, or other compounds. 
30 Such compounds will be useful as lead compounds for antagonists of allergenic responses, asthma and inflammatory 
responses. In another aspect of the invention, the screens may be designed to identify compounds that mimic the 
normal interaction between CRTH2 and PDG 2 , but with enhanced effect, such as other prostaglandins, or analogs 
thereof, or other compounds. Such compounds will be useful as lead compounds for agonists of the CRTH2-PDG 2 
interaction. 

35 [0035] Binding assays may be performed either as direct binding assays or as competition binding assays. In a direct 
binding assay, a test compound is tested for binding either to the CRTH2 receptor, or to ligand PGD 2 . Then, in a second 
step, the test compound is tested for its ability to modulate the PGD 2 -CRTH2 interaction. Competition binding assays, 
on the other hand, assess the ability of a test compound to compete with PGD 2 for binding to CRTH2. 
[0036] In a direct binding assay, either PGD 2 and/or CRTH2 is contacted with a test compound under conditions that 

40 allow binding of the test compound to the ligand or the receptor. The binding may take place in solution or on a solid 
surface. Preferably, the test compound is previously labeled for detection. Any detectable group may be used for 
labeling, such as but not limited to, a luminescent, fluorescent, or radioactive isotope or group containing same, or a 
nonisotopic label, such as an enzyme or dye. After a period of incubation sufficient for binding to take place, the reaction 
is exposed to conditions and manipulations that remove excess or non-specifically bound test compound. Typically, 

45 this involves washing with an appropriate buffer. Finally, the presence of a PGD 2 -test compound complex or a 
CRTH2-test compound complex is detected. 

[0037] In a competition binding assay, test compounds are assayed for their ability to disrupt or enhance the binding 
of PGD 2 to CRTH2. Labeled PGD 2 may be mixed with CRTH2 or a fragment or derivative thereof, and placed under 
conditions in which the interaction between them would normally occur, either with or without the addition of the test 
so compound. The amount of labeled PGD 2 that binds CRTH2 may be compared to the amount bound in the presence 
or absence of test compound. 

[0038] In a preferred embodiment, to facilitate complex formation and detection, the binding assay is carried out with 
one or more components immobilized on a solid surface. In various embodiments, the solid support could be, but is 
not restricted to, polycarbonate, polystyrene, polypropylene, polyethylene, glass, nitrocellulose, dextran, nylon, poly- 
55 acrylamide and agarose. The support configuration can include beads, membranes, microp articles, the interior surface 
of a reaction vessel such as a microtiter plate, test tube or other reaction vessel. The immobilization of CRTH2, or 
other component, can be achieved through covalent or non-covalent attachments. In one embodiment, the attachment 
may be indirect, i.e. through an attached antibody. In another embodiment, CRTH2 and negative controls are tagged 
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with an epitope, such as glutathione S-transferase (GST) so that the attachment to the solid surface can be mediated 
by a commercially available antibody such as anti-GST (Santa Cruz Biotechnology). 

[0039] For example, such an affinity binding assay may be performed using a CRTH2 which is immobilized to a solid 
support. Typically, the non-immobilized component of the binding reaction, in this case either PGD 2 or the test com- 
5 pound, is labeled to enable detection. A variety of labeling methods are available and may be used, such as detection 
of luminescent, chromophoric, fluorescent, or radioactive isotopes or groups, or detection of nonisotopic labels, such 
as enzymes or dyes. In one preferred embodiment, the test compound is labeled with a fluorophore such as fluorescein 
isothiocyanate (FITC, available from Sigma Chemicals, St. Louis). 

[0040] The labeled test compounds, or PGD 2 plus test compounds, are then allowed to contact with the solid support, 
10 under conditions that allow specific binding to occur. After the binding reaction has taken place, unbound and non- 
specifically bound test compounds are separated by means of washing the surface. Attachment of the binding partner 
to the solid phase can be accomplished in various ways known to those skilled in the art, including but not limited to 
chemical cross-linking, non-specific adhesion to a plastic surface, interaction with an antibody attached to the solid 
phase, interaction between a ligand attached to the binding partner (such as biotin) and a ligand-binding protein (such 
15 as avidin or streptavidin) attached to the solid phase, and the like. 

[0041] Finally, the label remaining on the solid surface may be detected by any detection method known in the art. 
For example, if the test compound is labeled with a fluorophore, a fluorimeter may be used to detect complexes. 
[0042] In a preferred embodiment, a binding assay can be performed as follows: 

20 (a) 300-1 9 cells (see below) that transiently express CRTH2 are pelleted, and washed twice at room temperature 

with assay buffer (Hank's balanced saline, including Ca+ 2 and Mg +2 , and supplemented with HEPES and sodium 
bicarbonate). The cells are resuspended at a concentration of 2 x 10 7 cells/ml. Using 96-well U-bottom microtiter 
dishes, the assays are set up as follows (in 1 50 u.l volumes): 

(b) 50 uJ of vehicle (as 0.3% DMSO in assay buffer, total wells); or 50u.l of 30u.M cold PGD 2 which results in a 1 0 
25 u,m final assay concentration thereof [ the stock solution of cold PGD 2 was dissolved in DMSO at a stock concen- 
tration of 10 mM, and stored at -20°C, for use it was then diluted 3:1000 to final stock concentration of 30 u.M]; 

50 uJ cells (2 x 1 0Vm\ for 1 06/well); 

50|x1 of 6 nM [ 3 H]-PGD 2 is added for a final concentration of 2 nM (Amersham; 162 Ci/mmol, 0.1 Ci/ml in 
30 methanol: water: acetonitrile (3:2:1), 617 nM diluted to 10 u.l per ml assay buffer for a concentration of 6 nM). 

(c) The plate is allowed to incubate for 20 min at room temperature before centrifugation (2800rpm, Sorval RT6000, 
5 min, 4°C). The supernatant is discarded to decrease non-specific binding. The plate (Packard Unifilter plate GF/ 
C, previously soaked in 3% PEI for at least 1 hr) is harvested with cold assay buffer by washing 6 times with 150 

35 u,| buffer wash per well. The filterplate is dried overnight. After the addition of 50 u.l scintillation fluid, the plate is 

counted in a scintillation counter (1 min per well). (Preferably CRTH2 is added to binding assays in the form of 
intact cells that express CRTH2, or as isolated cell membranes that contain CRTH2. Thus, direct binding to CRTH2, 
or the ability of a test compound to modulate a PGD 2 -CRTH2 complex, may be assayed in intact cells in culture, 
or in animal models, in the presence and absence of the test compound). 

40 

[0043] A labeled PGD 2 may be mixed with cells that express CRTH2, or with crude extracts obtained from such cells, 
and the test compound may be added. Isolated membranes may be used to identify compounds that interact with 
CRTH2. For example, in atypical experiment using isolated membranes, cells may be genetically engineered to express 
CRTH2. Membranes can be harvested by standard techniques and used in an in vitro binding assay. Labeled ligand 

45 {e.g., 125 l-labeled PGD 2 ) is bound to the membranes and assayed for specific activity; and specific binding is deter- 
mined by comparison with binding assays performed in the presence of excess unlabeled (cold) ligand. Alternatively, 
soluble CRTH2 may be recombinantly expressed and utilized in non-cell based assays to identify compounds that bind 
to CRTH2. The recombinantly expressed CRTH2 polypeptide(s) or fusion proteins containing one or more of the ECDs 
of CRTH2 can be used in the non-cell based screening assays. Alternatively, peptides corresponding to one or more 

so of the CDs of CRTH2, or fusion proteins containing one or more of the CDs of CRTH2, can be used in non-cell based 
assay systems to identify compounds that bind to the cytoplasmic portion of the CRTH2; such compounds may be 
useful to modulate the signal transduction pathway of the CRTH2. In non-cell based assays, the recombinantly ex- 
pressed CRTH2 is attached to a solid substrate such as a test tube, microtitre well or a column, by means known to 
those in the art (see Ausubel era/., supra). The test compounds are then assayed for their ability to bind to the CRTH2. 

55 [0044] Alternatively, the binding reaction may be carried out in solution. In this assay, the labeled component is 
allowed to interact with its binding partner(s) in solution. If the size differences between the labeled component and its 
binding partner(s) permit such a separation, the separation can be achieved by passing the products of the binding 
reaction through an ultrafi Iter whose pores allow passage of unbound labeled component but not of its binding partner 
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W or of iabeled component ^J^^SXS 2 SS^SSS^ 
capturing a binding Pf ne ^* e to the binding partner, and so on. 
a ligand-binding protein which can interact with screened by passing phage trom a continuous phage 

[0045] in one embodiment, for example, a P^^^^fi, fra 9 gme nt, or domain, thereof, linked 
display library through a column, « te P° ssib,e 10 enriCh '° r 
to a solid phase, such as pMbNdi By .f 1 ^ e y jso|a(ed from tne c0 , umn C an be cloned and the 
phage that express peptides with high a« nrty <°^™ q ^ 

afflnitiesofthe S ho rt pe P t,descanbemeasuredd,r^ 9 ^ s(rongest ^ 

to produce. invention, the solid support is membranes containing 

[0048] In another specific embodiment ( °"^ o ^J ™^ C ells that express library members are cultivated 

^XTe?^^ 
[^^ 

C be assayed * *a Known or unknown modules are 
proteins, or derivatives under conditions cond ™ e "^ 

identified. The two components can be measured in a variety that allow binding to occur, 

analysis to compare complexes formed in the <^^£^«££^toB« cells in animal models. A 
[0048] ,n yet another — « 

labeled PGD 2 may be administered directly to a ™ nim ^*™ ™ K host ce „ s t0 whic h the test com- 

40 and would therefore not be detectable by pnmary assays wnicn ^ formati on It is known, for example, that 

hermodynamically stable complexes is a scintillation ^ a ti n Soaded solid phase (e. 

or partiaily purified CRTH2 or CHTH2 membranes ,«* ^^^^J^SL^^J^ 
g.,beads)andthesolidphase,s<re^ 

(e .g„ 33 P -| ab eled) are then mixed with ^ cmWrtoj*dta^i« ^ of 

55 of a candidate specific binding tesr « D *» ' °" ^ JSdCTnW took place, the radiolabel is brought 
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15 



20 



30 



scintiilant-ioaded beads <avai,ab,e effect of .he interaction between a 

[0053] Chemotaxis assays may also be used as pnmary the ^ irectional migration of cells expressing 
prostaglandin receptor of type CRTH2 and an attractant is the Ruction « he d J e ^ £ as described nerein , 
the receptortoward the particular attractant, a process known as ^^-^T^L, an J the attractant PGD 2 . 
*. be used to screen compounds that interfere with the H«rt« f»£Z?%^j£ Led in as a primal 
Such chemotaxis assays are adaptable to high ^^^^S^ assay chemotactic migration 

;rr-i c ^^ - °— — in ,mmuno,o9y ' 

induce migration of cells that express ° a b ^^^^^!^nom wte into which is placed the chem- 

chamber. This apparatus typify ^^J^^^ZZ^^^ ™ mbrane covered With * Sea ' in9 

Interrupt the attraction of CRTH2 cells to PG l °* 0 °ZaZ this dilution series, at a concentration 
the Boyden chemotaxis chamber. A constant amoun ^^VT^^ one aliquot contains only PGD 2 . Cells 
known to have a chemotactic CJ™ ° f»J^ .^M, 16 olu piemented with 10 mM HEPES and 1 

expressing CRTH2 are resuspended at 3-3* x 1 0 >«M ^ - ^ chamber ^ cnambers 

mg/ml bovine serum albumin (Sigma. St. Lou*, MCO, and P'* ce ™» ™ ™ incubation penod , lhe number of 
are incubated for 90-120 minutes at 37°C in a *^ aM ^^T^ * T ght microscopy. The contribution of the 
migrating cells on the iower surface of ^^^^^ZS^Z^ activity o, the aliquots 
test compound to the chemotactic activity of PGP, ■ ^easured ^by comp g ^ ^ ^ compoun(j 

containing only PGP 2 with the activity of a hq lower'surface of the membrane relative 
to the PGP 2 solution results in a decrease ,n the ""^^^^^ is iaen tified an antagonist of PGD 2 
,o the number of cells detected using a solution ^^^^ ^addition o( the tes , compound to the 
induction of chemotactic activKy of eel s express "™™£Z £1 0 ^ r surface of the membrane (relative to 
PGD 2 solution results In a decrease in the number of ceH detected ™ ™ » pQD induction o{ che motactic 

the number of cells detected using a solution containing only PGD,), then an agorast 2 
activity of cells expressing CRTH2 is identified norfoimed )n a high-throughput fashion for rapidly screening 

[0056] The methods of the invention can routinely be perfomied I In a rugn n»wgp ^ |n 

multiple test compounds, in P-»£~ KTfifiS SSK microL plates, spotting on agar 
multiple copy format known to those ofstall j" * B ™ u mu|tj „ manipulation techniques including but 

plates, agar wells, spotting on chips and the like. V km, standard p ^ ^ 

not limited to robotic handling techniques, can ^^^S^, PGD ^ CRTH2, seconder screen- 
, [0057] Atteridentlfteationofatestcompound^ 

s are discussed in detail hereinbelow^ cornnria n/ assav instead of or in addition to a primary binding assays. 

[0058] Binding assays may be performed as a ^ 6 ^^^~^ a oom petition assay may be used as 
!„ one embodiment, where a direct binding ^^^2^. Wund identified by a functional 

a secondary screen. In another embodiment, a b ^ n * n9 R ^ n ^ av ^ n0 ^ eremc odiment, acompound identified 
primary scraen. such as a high-throughput chen^^^ screen us . second type of 

^Th^mo^ 

ing assay to interfere with the bind.ng of PGD 2 to CRTH2, or, WMW che mokines can induce directional 
W ca'nbetestedforbiologicalac^ 

migration of cells via their interaction with a ce l-type J ecrfic chemo^ne recep , ^ Qf o ^ chem . 
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„.,nri ran he tested tor its ability to modulate the ability ot PGD 2 to induce 
in one embodiment, for example, a compound can be ■ y Boyden chemotaxis chamber, 
migration of cells that express CRTH2 using a '^^^^^^J^^^tmtnon^ 
[0060] Inaspecificexampleof.hismeto *co„«**™»« 
identified in the primal screen ,s placed ,n the bottom wells of me pQ Jhe method and 

5 of PGD 2 is also added to this dilution series. As contr* a least on earn, ^ ^ ^ ^ 

the assay conditions are as described ^^^Z^^^oU^^^Xcm^^ 
surface of themembranefilteris counted us,n 9 ''^ "I'^^na the chemotactic activity of the aliquots containing only 
,o the chemotactic activity of PGD 2 is measured by companng ' th ° of [ he , esl compound w the PGD 2 

PGD 2 with the activity of aliguots containing test W^on^i^S of the membrane relate to the 
,o solutfon resuKs in a decrease in the number of of PG D 2 induction of chemotactic 

number of cells detected using a solution test compound to the PGD 2 solution 

acuity of cells expressing CRTH2 is identified. In contrast i f thej addmoi n o w m number of 

resulU.nadecreasein me number of i«*^^^ n S^^«r«h«n«^-^ 
cells detected using a solution containing only PGD 2 , then an agonist o. 2 
is expressing CRTH2 is identified. „wn P n soecies release assay. One measure of PGD 2 -induced ac- 

[0061] Another secondary assay ^^ 2**^ ^ve oxygen species. This can be tested 
tivatlon ofCRTH2 cells, such asoosmopMs, 'VroTS iucigenin-dependent chemiluminescence to measure re- 
in a reactive oxygen species release assay or ROS i sin U J9 P d b standard met hods, and 

active oxygen species release .n plated e osmoph PJ ^ % ^ ^ ^ ^ 

Buffer) and 25 uvwell added to white 96-we ^ ^^d incubated in a water bath at 37'C for 
temperature) are diluted with room temperature buffer »^ X JV^^^. S igma, St. Louis, MO) is added 
,6 minutes. At 15 minutes, ,0.5ml 

CRTH2 cells, is a candidate for a CRTH2 anta 9°"'^ mobnizatio n assay. Elevation in intracellular ionized calcium 
[0063] Anothersecondary screening assay .s the calcium ^ y ium f|ux studies deS cribed below, 

ooncJntraffonttC^iisanearVindicatorof^e^ 

i, is demonstrated that even low levels of PGD2 '"^^J^Slr. of PGD^CRTH2 interactions. Intra- 
flux assays can be used as se»nda ? eo re ^ 



25 



30 



cellular calcium ion concentrations can t 



uenuiai v/ommim — - 

the presence and the absence of a test ^P 0 ""^ cytometry, and by labeling with fluorescent dyes 

[0064] Calcium mobilization can be de,eC e ed t .\ n X e ? nd0 ' exhibtts a change in emission spectrum upon binding 
that are trapped intracellular* For example the ^ ye ^ x ^ o that 9 duce by the unboun d dye is used to 
calcium. The ratio of fluorescence produced by the ^' c ™""° y the fo „ owin g method can be used, 

estimate the intracellular calcium concentration. In ™^™^T%*0>M the day before performing the 
Cells that express CRTH2 are collected, and ' ^suspended m fresh me ^ a ^ f andthen , downand suspended 
calciumfluxassay.Cells are incubated a«37'Cornot,o^ger^ 

in 50ml fresh PTI buffer (Hank's Buffer, pH 10mM ™ oresc tce is measured using a fluorimeter 

,o 37-C, at a concentration of 10 million per m . Celte are exerted and f uo es ^ ^ ^ ^ fe 

(Photon Technology Corporation, ^^^^Z„ B reagents are added to the cuvette, to 

added at a specific time point (e.g., 20 seconds). After response the fotow g g u , and 20ul 

release and chelate total calcium, in the following "^^S^^'olJLloompound. ■nlh.-bMno. 
of 0.5M EGTA, pH 8.5. The experiment ,s ^^.!££^£p«. CRTH2, with an EC 50 of 15 nM. Therefore, 
of test compound, PGD 2 results In .ncreased fflCrf U in cells ^ , han this value , where as in the 

in the presence of an agonist test compound the EC„ would be exp 9 

presence of an agonist test compound, the SC *™°^ °°™^ erization asS ay. Another biological effect of the in- 
[0065] Yet another secondary screening assay s _an ^^^^^^^^^mmw^nimt 
{erection of PGD 2 withCRTH2 is actin polymer^ 

screen to characterize the activity of a ' L*XepSuorlent label, nitrobenzoxadiazole 

embodiment, actin polymerization may be assayed using a ^ ^ , he assay may be performed as 
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20 



■ rnnfitort imOuL Der well) into a 96-well U-bottom polypropylene microliter 
and 0.5% FCS. The cell suspense is aliquoted ( OOuL ^per wei . in » compo und) is added using an 

pla ,e. 50,! of the appropriate stimulus (PGD, jOr c^. ly^ptophatW- 

8-channel pipette followed exactly 25 seconds later by 50, ° f a * ^ ' e (800 and 6 . 6tlM NBD-phallacidin 
chollne(0.5m 8 /ml).Hank-sbalanced 8 aKsol U ,on ^J^**^HZ21 The plate is then centrifuged at 
in MEOH (1000). The plate is allowed to , « at ^ ^™ ° 1 re 5 suspended in 250^1 PBS plus 2%FCS and 
lOOOrpm for 5 minutes, the supematants flicked o ^^%Zm^^™^^1*<^ M 

CRTH2 cells is identified as a candidate CRTH2 antagonist com pounds, or peptides or proteins, 

[0 066] The screening assays described herein may _be ^use to .dentrfy ' P b P e ln ac . 

for example, that modulate the interaction of thereof. Peptidomimetic organ* com- 

cordance with the invention therefore also incl f*^^^^ 

pounds that bind, for example, to the extracellular domain ECD) "Cmrcan^ a|so b6 

L natural ligand ,/.e., antagonists) or ™f* BCD (or a portion 

^ B , i !^3S^"^'^^ — " PG t D2 ' otherwise the natural 

[0067] Compounds that may be used for screening se £ e.g., Lam et a/., 1991, Nature 

soluble peptides, including but not limited to members SJSJ molecular library made of 
354:82-84;Houghten e( a,.,1991,« 

molecules. ™«ri« lihraries mav be used as a source of test compounds 

;grsssssss ^ »"' » « 

and fnWtfO translation-based libraries. j^Hheri in Fodor et al 1991, Science 251:767-773; 

[0069] Examples of chemically synthesized hbranes are 1994 , Biotechnology 12: 

Houghten eta/., 1991, Nature 354:84-86; Lam ef at. 199 , NatU | e 7 a , 1993 , Proc. Natl. Acad. Sci. 
709-710; Gallop eta,., 1994, J. Medicinal <*^J™^™\?^JlX^ eta,., 1992, Biotech- 
USA 90:10922-10926; Em eta,., 1994, Proc. Na«. Acad. Sc I US „ gi> 1993 , Pr0 c. Natl. 

a/., 1990, Science, 249:404-406; Christian, et a,., 19 12, J . M m n 2 " 7 ™ ^ dated A 1 18 , 1994 . 
152:149-157; Kay eta/., 1993, Gene 128:59-65; and PCT Pu "^^°™ 1B Bunln „ JJ 19 94, Proc. Natl, 
[0071] Bywayofexamplesof ^^ MB ^- abe l Z ^Z^l7^ai 1992, Proa Natl. Acad. Sci. 
Acad. Sci. USA 91 .4708-471 2) can ^^^**'|^'™JP*™^^^'j^^*^^^^~^^^^^^^^^J^^^J^^J^^^ B ^^^^^^^^^^^^l^ which the amide functionalities 

LlloJng references, which disclose * 
0 215-218; Scott& Smith, 1990, Science 249:386-390 Fowlkes ^.£ aMetaii , 98B , Science 241 : 

a,., 1992, Proc. Natl. Acad. Sci. USA 89:5393*397; Yu eta/. 1994, C* » 89:6988-6992; Ellington 

577-580; Bock eta/., 1992, Nature 355:564-566 Tuerk eta/ .1992, Proc and as . Palent No . 

at aV., 1992, Nature 355:850-852; U.S Patent No Vubirflon No. WO 94/18318. 

5,198,346, alltoLadneretal, Rebar& Pabo, ^'f^^^^^p^^^^gthetataMPGl^ 
• [0073] inanotherembodimentomepre^ 

o/nv/f^trejialationsystemssuchasarabbrtreficul^e^sate ™^^ n ^ ed , n PC T Publication No. WO 
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[0074, Compoundsfhatcanbeteste^ 
[oXFurthenwe.dfcers^^ 

For example, libraries may be commercially obtained from Specs and ^'^^^^ ^ ^^^j^^ Russia), Comgenex 

JSfm further, combinatorial librae methods Known In «he 
ogJlibraries ; spa.ial*addressab,e P aral.e^ 

deconvolution; the "one-bead one-compound- ^method, -^M^-y« ^ approacnes are 

Mol. Divers. 2:223-236; and Lam, 1997, Anticancer Drug Des ^ 146- 167 ^ ^ 

[0077] Examples of methods for the synthesis of molecular "* a **^™° Sc] USA 91:11422; Zuckermann 
ef a/., 1993, Proc. Natl. Acad. Sci. USA 90:6909 ^ 1994 , Angew. Chem. Int. Ed. 

el a/., 1994. J. Med. Chem. 37:2678; Che , ef eta/ ,1994, J. Med. Chem. 37:1233. 

Engl. 33:2059; Carell etal., 1994, Angew. Chen, nt ^ T 992 Bio^echniques 13:412-421), or 

[00781 Libraries of compounds may be presented ^^J^^^b^b,, bact eria (U.S. Patent No. 
on beads (Lam, 1 991 Ntf» *4*WJ ^SSS^^'*^^' 
5,223,409). spores (Patent Nee. 5,571 ^^^sdiwi 249 386-390; Devlin, 1 990, Science 249:404-406; 
Sci. USA 89:1865-1869) «^^'5^£*S^E 1991 , J. Mol. Biol. 222:301-310). 
Cwiria ef a/., 1 990, Proc. Natl. Acad .Sc. "SA 87.6378 5382 a n I . known ^ # g ^ 

[0079] Screening the libraries can be accomplished by any of a vanay or cc y 

following references, wheh disclose screening of pep tide I ^^gg^X^Sn ° ldenbur 9 e( 
215-218; Scona Srn^ 

a/., 1 992, Proc. Natl. Acad Sc . USA 89 £MKV 53 97 YU e , ^ 89:6986 . 6992; Elljngton 

that are known in the art to act as prostaglandin inhibitors compound 
the compounds identified via the present methods can be further tested rn two w 

related disorders, such as, e.g., allergy, asthma, and . of ^p^ds, or the improvement of 

[0082] Computer modeling and searching technologies P emlt ' d «"" n ff^J^ identified such a com- 
La y identified compound ^ 

the active site by finding where on the factor the complexed M£nd sita) „ determine d. This 
[0083] Next, the three dimensional geometric structure of the ^ ^ »^ ' l ^L te ' motoell | ar strU cture. 
Ln be done by Known methods, including X-ray ^f^*^ Any other 

s on the other hand, solid or liquid phase NMR can be used ,lo ^ l ^ ^ ~^o^ stmctures. The 

of the active site structure determined. 
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[0084, .fanincomp.eteorinsuf^^ 

modeling can be used to complete the structure or inwove '^^^^^ or nucleic acids, molecular 
used, including parameterized models specrfx: to ^^^^^cTmodels based on thermal ensembles, 
dynamics models based on compuhng^ 

or combined models^For most *»««°** SSSS from force fields known in physical chemistry. The 

^TZ^^^^ — - — °" the comp,ete and more M 

structures computed by these modelmg methods. experimentally, by modeling, or by 

[0085] Finally, having determined the structure of the act, vc MMMtad £ e her p ^ ^ 

a combination, candidate modulating compounds can be ^J^££o2n* having structures that match the 
along wKh information on ,heirmo,ecu|a— 

oe— b^p^ 

modulating compound or ligand. The oompos,t,on of *e modeling methods described above applied 

of modification can be determined using the ^""T^^^SS site structure of the compound 
,o the new composition. The aKered structure . then ^^^^Z^ in composition, such as by 

cificity or activity. mA th«Hc M<5Pful to identify modulating compounds based upon 

Sn visualization, and analysis o, the beh ^ - ^^^^tS specific proteins, such as Rotivinen 
l0 089] A number of articles review computer, modeling o *u ■ P P ^ ^ Rossmann 

. eta/.,) 1988, Acta Pharmaceutical 0 SAR: Quantitative Structure-Activity Rela- 

(1989, Annu. Rev. Pharmacol. Toxicio ^^^lMMDm> (1989, Proc. R. Soc. Lend. 236:125-140 
tionships in Drug Design pp. 1 89-1 93 Alan R. L.ss, Inc. 1 989 Lew '^ ana uea ( , chem 
and141-162); and. with respect toamode. receptor ^^^^^^^me^^ 
Soc. 111:1082-1090). Other ***** ^^^STTffiS^-*. Canada), and Hypercube, Inc. 

5 panies such as BioDesign, Inc. (Pasadena, CA.), AlteHx. Inc. miss a ■ ular jns 

Cambridge, Ontario). Although these are region is identified, 

they can be adapted to design of drugs ^ f ^^^^Z^V^1^ of theCRTH2 and/ 
[0090, CRTH2protein,pofy P eptidesan^ 
orCRTH2fusionproteins can be prepared oravanetyofuse^^ 

o as reagents in diagnostic assays, the .dentiheahon of be used „ pharmaceutical reagents in 

related disorders, as reagents in ,assays to, ^^^Z^^Z^^^^^ 

Z^™^^"^^^ ™ - drCU,atin9 PG ° 2 10 CR ™ 2 

example, nucleotide sequences encoding one or more of the CRTH2. The DNA sequence encoding 

indMdual domains within the ECD can be used "^"^SSS«- nucleotide sequences encoding the 
[0092] A variety of ^^^'Z^Z^ Wher the resulting peptide or polypeptide is a soluble 
appropriate regions of CRTH2 to P^ce such .P^P^^*^ whi 9 ch P lh P e TMs and /or CDs are deleted) 

the CFTTH2 product can be recovered from the host cell itself. CRTH2 or functional 
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^.^^^^^^^ * — — —* - ^ SCreen ' n9 
assays. b d for p Ur p 0S es of the invention include but are not limited 

[0094] The host-expression ^"^^^"^Svrtth recombinant bacteriophage DNA, plasmid 
to microorganisms such as bactena (e.g., E. col,, B. suM/te) tianaojm saccharomyces, Pichia) 

DNAorcosmidDNA expression vectors containing "^^J^lia^ sequences; insect cell systems 
transtonmed with recombinant express,^ 

infected with recombinant virus expresslo , veaora b ^«^ ^ CaMV . tobacco mosaic virus, TMV) 
infected with recombinant virus expression VKtore ' e ^.f"' " 0 ™ e ^, asmia) containing CRTH2 nucleotide sequenc- 
er transformed with recombinant plasrn^ 

viruses ,e. 9 ., the adenovirus ^^SC^ selected depending upon the 
[0095] In bacterial systems, a number of ex pressior ' ^cwis y ^ ^ g p B 

use intended for the CRTH2 gene product be '"9 raising *™° dies ,0 the 

to be produced, for the generation of Ph™™« Shto£ of fusion protein products that are 
CRTH2 protein, for example, vectors which *^ *» « p ^ on 0 ^f ed , 0 the E . coli expression vector pUR278 
readily purified maybe desirable. Such <^ ^qllq^ may be llgated Individually Into the vector 

(Ruther etaf., 1983, EMBO J.2-.1791 ln» ^^^°^SKn~ (W* 1985 > NudeiC 
in frame with the lacZ coding region so that a tm pM is p oo 264'5503-5509), and the like. pGEX vectors 
Acids Res. 13:3101-3109; Van Heeke & SchusU* J989 .X ^^0^264.5 ^ ,„ general , 

may also be used to express foreign polypepides as r 

such fusion proteins are soluble and can ■^ t h ^^^^lJS^ ,o include thrombin or factor 
followed by elution in the presence of ^*^^£SmZ released from the GST moiety. 
Xa protease cleavage sites so that the cloned targrt £"^ u * ^ an antibody specific for the fusion protein 
[0096] Alternatively, anyfuaton^^^^ 

b^^Fa^.^^^^ Natl . Acad . sci. USA 88: 8972-8976). In 

are selectively eluted with imidazole-contaimng buffers. . < AcNPV) is used as a vector to express 

[0097] Inanlnsetfsystem.Autopr^ 
> oreigngenes.ThevirusgmwsinSpodopteraf^ 
intonon-esserrtaUegtonsaorexamp^ 
( ,orexamplethepolyhedrin P romoter).Succe^nsem^ 

o expressed (e.g., see Smith et a/., 1983, J. Virol, ^^^p^^lay be utilized. In cases where an 
[0098, in mammalian ^'f'"^ 

adenovirus is used as an expression vector,theCRTH2nucieoti^sq sequence. This chimeric gene 

transcriptionAranslation contro. complex, .g the ^ 

may then be inserted in the adenovirus genome by n yrtro or m me ec g of expressing 

15 of the viral genome (e.g., region El or E3 will re ^ ™ Nat |. Acad. Sci. USA 81:3655-3669). 
the CRTH2 gene product in infected hosts see jJLonan U»e* 1 W P These 
Specific initiation signals may also be required wher e an entire CRTH2 gene or cDNA, 

signals include the ATG Initiation codon and adjacent sequanoesj" cases expression vector, no addi- 

including its own initiation codon and adjacent ^T^^^J^^ portion of the CRTH2E coding 
50 tional translational control signals may be JJ^^ng perhaps, the ATG initiation codon, must be 

sequence is inserted, exogenous translational control f mms ol the desired coding sequence 

proved. Furthermore the and initiation oodons can be 

to ensure translation of the entire insert. ™^ ex ^™ u jL of BXDre ssion may be enhanced by the inclusion of 
of a variety of origins, both natural and synthetic. ^f^^^^SLm etal ., 1987, Methods in Enzy- 
55 appropriate transcription enhancer elements, transition terminators, etc (see Bittne 

mol. 153:516-544). mnrtulates the expression of the inserted sequences, or 
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processing <,.,. *eavage) of P^-— ^ 'X^^JSZSS^* 
have characteristic and specitic mechanisms forthe ^^^^^^^^^proo.ss^ 
gene products. Appropriate °^°'^^™™ S^ wh^h possess the ceiiuiar machinery for proper 
of the foreign protein expressed. According y, " nhoivlation of the qene product may be used. Such mam- 

processing of the primary transcript glycosya^ 

malian host cells include, but are not limited to, CHO, VERO BHK ™- a ^ ' s on l8 pre , e rred. For example, 
[0100) For long-term, high-yield production of "^^'^SSd Ratherthan using expres- 
Lll lines which stabfy express the .^^^^^^Z^^O^c^^Bm^ 
sion vectors which contain viral ongins of replication, tost cells ' canoet terminators , po | ya denylation sites, 
expression control elements (e.g., promoter en ^"cer ^ £*J ^ f tiered cells may be allowed to grow 
etc ). and a selectable marker. FoUowmg the lnfrod t ^ t '° n tQ 0 ^r i l^fJ^™' xhe selectable marker in the recombinant 
forl-2daysinanenriched m edia,andt^ 

plasmid confers resistance to the selection and allows cells to stably jmegr H advantage0 usly be used 

P gr0 w to form foci wh,h in turn linesLy be paruculariy useful 

feels of selection for the following genes: «, »*ich ^ .a™ ^fi^™*^ resistance to 

Acad. SCI. USA 77:3567; O'Hare, et -I 1981 , ^£Acad fcOBA confers resistance t0 tne 
S^^K^'S XS^El* and hygro, which confers resistance to 

CRTH2, or peptide fragments of CRTH2 are also ' en^sed W~ h ^ an , bodies , single chain and- 

rrrr:^ 
S s re=;rr= 

and may therefore, be utilized as part of a diagnostic or prognose « ec ^^^^ 2 Pa ma " bepa rt lcular | y useful 
abnoTa.amoun.so»CRTH2.An,ibod^^ 

as part of a diagnostte or prognostic technique. Such ant bote may als o be , u^zed compounds on expression 
; compound screening schemes, as described, above, for n conjunction with the gene 

and/or activtty of the CRTH2 gene product. Additio C RTH2-expressing cells prior to 
therapy techniques described, below, e.g., to evaluat >*e "O^ and/ o for , he inhibition of abnormal 
their Production into the patient Such ^Z^TXTJ!^^^^^^^ 6 - 
CRTH2 activity. Thus, such antibodies may, there, °/^^^ by injection with CRTH2, a CRTH2 

o [0104] For the production of antibodies, vanous host animate may^ be * ' (runcated CRTH2 

peptide (e.g„ one corresponding the a functional domain of the raptor, such m ECD,™ , ^ ^ ^ 

polypeptides (CRTH2 in which one or more domains, ^^^^^^^^^ hamsters and rats, 
P CRTH2ormu«an,so,CRTH2 ri Su^ 

to name but a few. Various adjuvants may be used I to ^ ls ; uch as a | urn inum hydroxide, 

sera of the immunized animals. ,,„„„i a tions of antibodies to a particular antigen, may be 

50 [0105] Monoclonal antibodies, which are ho^9e"eous populahons_ p ^ , ines in cu „ ure . 

obtained by any technique which provides for the production of antibody molecutes by c 495 . 497 and 

These include, but are not limited to, the hybridoma technique of ^^^^^ZogfT^yA-TZ-.C^ 
U.S. Paten. No. 4,376,11 0), the human B-cell hybridoma technique (Kosbo M 983 » Mono . 

e«a/., 1983, Proc. Natl. Acad. Sci. USA 80:2026.2030), an ^!?^^Kr be of any immunoglobulin 
55 clonal Antibodies And Cancer Therapy, Alan R. L,S£ Inc pp^ 77-96 ^ , he ^ of this invention 



of production. 
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[01081 In add«o, techniques d^ek^^^ 

Natl. Acad. Sci., 81 :6851-6855; Neuberger etal., 1 9 84 N*^ 3 ™*™ » ■ ^ tner with gen es from a 
by splicing the genes from a mouse rf^S^^SZlH chimeric anybody is a molecule in which 

r^rrr^rrs sks as ^ ^ . van- ^ - . 

murine mAb and a human immunoglobulin constant Region. ^ Patent4 , 94 6.778 ; Bird, 

In a single chain polypeptide. onitnnes ma v be qenerated by known techniques. For example, 

[0108] Antibody fragments whtoh recogmzespec ^^ame^ whfch can be produced by pepsin digestion of the 
such fragments include but are not kmted to: me F(ab V'*^*™*^ disulfid e bridges of the F(ab') 2 
antibody molecule and the Fab fragments whch can be generated b, > w 9 2 46 : 1275-1281)to 
fragments. Alternative*. Fab expression iibranes pec ifa«y. 
all0 w rapid and easy identification of ^"^..^^^^.otype antibodies that "mimte" CRTH2, using 
[0109] Antibodies to CRTH2 can in turn, be utili * to j> 8n ^ pa(1 ^na, 1993, FASEB J 7(5):437-444; and 
techniques well known to those ■MM hn the art _< s ~'^' which bjnd t0 the CRTH2 ECD and compel- 

ro^^r^ti^^^rders^su^Mallergenic dlsordors^^Md^m^^ir^ ^^"J 1 ^^ ^^^[^ e g fusion Ig molecules 
[0111] Genetically engineered cells that express solub ECDs w 'usw p 

can be administered in Nowhere they may func *on as ^^Z^T^^Z^^s, should neu- 
Such soiuble CRTH2 polypeptides and t^on^ro* J ofCT?H2 activity and may therefore be 
tralize or "mop up" the natwe ligand for CRTH2 and « hua a « inflammatory disorders, 

used to treat PGD 2 -related disorders, such as a lergerac disordera, ast ^ ^ 

[0112J CRTH2 is a cell surface proton present on « rta n T ^ b ^ ^ ' ^ other ce |, types, an important 

other cell types, that appears respond to ^^S^nSbel^^^^^^ 16 
, earlystep.nslgnaltobe.nvolvedlnPGD^ed^ 

Sa^^ antibodies ' have uses in de,ectin9 and dia9nos,n9 

o disorders that may resu« in chrome, acute, or abnomial a « e '9 a ™ as irnmun oassays, to detect, prognose, 

[0114] The molecules of the present myention can be used m assay ton ormonitor the treatment 

diagnose, or monitor various conditions, d,sease * a nd ^^J^Unfl ^acting a sample derived from 
thereof. In particular, such an immunoassay .s earned out by a ™tho eo P » occu and detecting or 

a patien, wSh an an,i.CRTH2 antibody «"«* e ^^^^S^Slc aspetf, such binding of antibody, 

,5 measuring the amount of any Immune, pedtehn* "9 a ~ ' 0 " r ab ^rant (e.g., low or absent) levels of the 
in tissue sections, can be used to detect aberrant^ CRTH2 ^™ , jssue or seru m sample for the 

CRTH2. in a specific embodiment, ^ ^"^ of a diseased condition. By "aberrant levels," 
presence of ^ -^Kt^S re^t °r a standard .eve, representing that present, in an 

50 anlgTsaX^^ 

SelX— .Tuc= 

55 says, fluorescent Immunoassays, P rote ' n .*i^"^ u 'f^ S g° d ^ U bs^uen^, including complementary sequences, 
[01161 CRTH2 genes and related m * e ^*^£!^. cr subsequences thereof, comprising about 
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diagnose, or monitor —s, disorders, ^^f^^ZT^X 32 55 
anL activity as described supra. In particular, such al '^^^^fig^l CRTH2 DNA or RNA, 
contacting asamplecontaining nucleic acid ^;^^^ e ^^^^^ m - 
under conditions such that hybridization can occur ^3 immune responsiveness during an 
[0117J in specific embodiments, diseases and *££!5?S55n be™ reenedfor, or a predisposition 
infection or malignant ^^^^^^^^^ 0 1Cfm2p r ^n,CFaH2Rm,o r C^ 
to develop such disorders can be detected, by detecting ( ) or by detecting mutations in CRTH2 
.unctionalac.rvity(e.g.,bindingtoPGD 2 .an.i-C^^ ^ or pro(e]n 

RNA, DNA or CRTH2 protein (e.g., translocates in CRTH2 nucleic acds tru d sionoractMty 

changesin nucleotide or amine .acid sequence ^^S^JJ^^S-fc <» (e.g., allergic 
of CRTH2. Such diseases and disorders include bu are not Urn fc* I to auerg ^ ^ 

binding activities rn *» or « ^^J;^'^ primers that preferably generate a fragment 
detected by Southern blottmg FISH, RFLP jnajyss^ 0 m, cD NAorcDNA obtained from the patient, etc. 
spanning at least most of the CRTH2 gene, sequencing o _CRTH2 ^genom c un 

[0119] in a preferred embodiment, level. °^^ N ^Z Z^^r'^ such aS an 

a predisposition to developing, an allergenic disorder, asthma «£££Z^ are detected or measured, 
SetlX^^^ 

and, optionally, a labeled binding partner to the *™W- M ° m ^%X^te^^) * kit is also provided 
a detectable marker, e.g., a chemiluminescent, ^^•^^ W J^^^U RNA. In a specriic 
that comprises in one or more containers a , e capab le o^hybrd g ^ ^ range ^ ^ 
embodiment, a kit can compnse in one or ^"^^"^^"^ Action (see e.g„ Innis ef a/., 1990, 

pression and/or CKTH2 activity. Orders mav be ameliorated by decreasing the level of 

, duresincellculturesorexpehmentalanim^ 

and the ED 50 (the dose therapeutically effective in SO Compoun ds which exhibit large ther- 

affects is the therapeutic index and it can be T^^^JS used, care should be taken to 

:t,6d ,iLe m ^ ,0 " e P0 ' en,ia ' 
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Lai manner using one or more P^'^^T^^Ible saSToLes may be formulated (or admin- 

SST F or ora, administration, the pharmaceutical ^"^^^ ZEESZZ 
Lies prepared by oonventional means wKh t*"™*"**^^ ZJ, 
pregelatinised maize steroh. polyvinylpyrrolidone or ^^^JSSaLlida^nMaS., 
L cellulose or calcium hydrogen phosphate); lubncants (e.g ^ tablets may be coated 

potato starch or sodium starch glycolate); or ^^i^X^^" 1 ** 
by methods well known in the art. Liquid preparations for oral ^ „r <*er 
sU or suspensions or*ey may bepjsented^ 

K ForbuccaUdministrationthecompositionsmaytaketheformoftabletsorlozengesformulatedinconventiona. 

JET For administration by inha.ation, the compounds for use -^JJJ^^^SS 
^.Jredintheform of an aerosol spraypresenta^ 

propellent, e.g.. dichlorodifluoromethane by providing a valve to deliver 

a^nTapoXmixo^hecompound 

£l331 ?he compounds may be formulated for f^^^^^'^ 0 ^' amp les or in multi-dose 

kg., containing conventional suppository bases such as ^^"^^^^m as a depot prep- 
p&q 'nadditiontothe.ormulatlonsdescnb^ 

aration. Such long acting formulates may ^"^^hS be formulated wfth suitable polymeric or 
derivatives, for example, as a sparingly soluble salt. disoenser device which may contain one or more 

50 

Example 1 

[0137] The^andfnWfroassaysde— 

PGDo as the key endogenous ligand for CRTH2. e . nRTH9 _ number of mast cell and non-mast 

* roi^ Using300,9ce,M«ransfo-edpre^ 

cell-derived mediators were screened ,n a [Ca* ], mot>l, ff''°" k H2 was expressed from a plasmid "p3.1 



30 



35 
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than 300 nM). rcrTH? for PGD„ the following binding assay was used. Trans- 

[0140] To directly determine the bind.ng affinity ot CFTTH2 fo PGD 2 the to 9 a re suspended at a 

assay was set up as follows: 50 ul of vehicle (0.3 /„ DMSO n assay duiw, , for 

wells'. 50 ul cells (2 X Vf cells/ml for 1 0» cells per N«n^ pHJ-PQDj . The P^ate w 
20minatRTbe,orecen« ri ^^^^ 

plate GF/C, previously soaked in 3 /. PEI tor at least i nr; win » f 5Q , scinti || a tion 

Harvester (6 x 150 ,1 buffer wash per well). ^^fT^^^ (1 min per well). The 

fluid (Packard Microscint 0), the plate was " o f SpQD 2 and unlabel -cold" PGD 2 

IC 6oV alueforthisbindinghasbeendeterm.nedtobe^ 2 in methanol: water: 

were prepared as follows: 10 ul of pH]-PGD 2 (Amersham lot # TRK734 162 concentration of 6 

(3:2:1). 617 nM, per m, °* $EJ* ffljlSSSKr 

nM (50 plM for M. cc ™E£ l^S'ncentration o, 30 mM (50 ul/we,l 
of 10 mM (stored at-20°C). The 10 mM stock was oiiuiea o. iuu HEPES and sodium bicarbonate: 

calculated to be 79.554 pGD response in celts expressing CRTH2, was 

with their interactions with CRTH2 (see Table 1)^ prostaglandin receptors, DP, EP 1-4, TP, 

and" 1 mg/m, bcvine serum albumin (Sigma, St Lo"ts MO ^^^'^^^^X 90- 20 minutes at 37-C in a 
i compound to be tested was placed m ^J^^^^J^'J^S^ cells on the filter (expressed 
humidified C0 2 incubator. At the end * I "JE S an.iCD3 stimulated T cells (upper 

response of human basophils to PGD 2 and C5a is shown. 
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Table 1. 



>he effect of PGD 2 and other prostanoids on PH}-PGD 2 binding and functional responses in isolated human 
eosinophils. 



Ligand 



PGD2 



PGJ2 



PGD 2 binding 



ROS* release 
EC 50 OlM) 



0.025 (4) 



OT 



1.5(1) 



0.002 (6) 



0.075(1) 



>1 (3) 



Chemotaxis 
ECgo OlM) 



0.003 (1) 



>0.1 (D 



Actin-polymer* 



>0.1 (D 



0.004 (4) 
1.8(1) 



1.9 (1) 



[Ca2+], 
mobilization 
ECgo (jiM) 



0.03 (4) 



0.13(2) 



>1 (1) 



BW-245C 



>100 (3) 



>1 0) 



Pa, 11b-PGF2 



OT 



>0.1 (2) 



PGE1 



OT 



>0.1 (1) 



PGE2 



3.3 (1)* 



>0.1 (1)* 



PG12 



U-46619 



OT 



>1 (2) 



OT 



>0.1 (2) 



>1 (1)?? 



>1 (1)?? 



>0.1 (1) 



>1 (2) 



>0.1 (1) 



>100 (1) 



>o.i or 



>300 (2)* 1 



>0.1 (1) 



OT 



>100 (1) 



OT 



OT 



>1 (D 



>1 (2)" 



>1 0) 



>1 (1) 



^^^^^^^^^^^^ - ™ - ^ 

C^Stol^Z^onse by Us binding to EP2 receptor (cAMP. me ««i). 
Example 2 

l0 147] Th e followingexperim en tswere Pe rform e dtof Urt herch a racterizcCRTH 2 ,andtodeterminethcro1eofCRTH2 
in PGD 2 -mediated inflammatory responses. „ m , oi „^>, 1D | e d class of receptors. As a G protein-coupled 

PGD 2 -mediated eosinophil chemotaxis, suggesting that CRTH2 probably limes wnn ui. a 
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ordersofagonistpotenc,^ 

with CRTH2 transf ectant (see Example 1 ). But eosinophil acn/ai on oy r u 2 / addjtiQn 

actfca ion of T cells with CD3 and CD28. It is not yet known whether * ~* ha J indicated that 

PGD 2 causes bronchoconstrte.ion in "»^^"fi^^£^^ effect is preferential on pe- 
respectrvely (Hardy * a,.. 1984, New England ^"f^yj^ Inhaled PGD 2 also causes 
ripheral rather than central airways (Wasserman etal 1977, Prost ag^*ns 13 W-f^ mtracutane- 
co'ughing, and potentiates methacholine and - 
ously to human skin elicits a strong erythema tarnation challenge of atopic and nonatopic 

Dermatology Wit* *™ Z^^^^^* ™"™ ^ 
subjects with PGD 2 causes a dose-dependent decrease n nasai pais »• svmp toms associated with 

congestion, coughed sore throat, in particular), ^"^^S^SSf** antigen- and 
allergic rhinitis (Soter el a,., 1983, J«ff«W aCoS Howeven because of the lack of a complete 
compound 48/80-induced in skin itching .s blocked by P t ^ nn a "^ a ^ c "°* e stanoid reC eptor(s) is involved. In vitro 

[0155J Modulators, i.e. antagonists and agones of PG °^" d .^^tera«lons m V Qne Qf t „ e 

o.pu.monaryd^ases.PGD.can^ 

most abundant mediators produced by mast cells besides ™™™™> P p a|| & c|inica , lmmu . 

BAL of atopic asthmatics and nasal lavage from ^J^^Z^To^Z noX get an effective relief of 
nology 90(6 Pt 1):880-9). In addition, patents with atargn ^^^^ tradmarks ZYRTEC and SIN- 
nasal congestion and pulmonary dysfunction even antigen-induced, 
GULAIR, indicating a mediator(s) other than Mamm and as wel , as , nlMng 

mast-cel, derived earfy release of PGD 2 ^.ft-J*^ appears that the BAL, and 

fUurtmatoryre^onsesl^cruft^ 

S-er W ne T ud^ 
^1= 

have recently been shown to synthesize PGD 2 by COX* 27(2-163-79). Immunohistochemistry 

Applied Physiology 63(4):1 396-400; MeeOennot * *^ P ^J™^S expression of COX-2, but not of 

late phase. 
Example 3 

[0157, F i g ure 2 presen te resu,tso««heca,cium,luxassay ( agalnusing300-19CRTH2.ransfectan,s)forc,oseana,ogs 
of PGD 2 . 
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Example 4 

Additional assay to measure Hindi™ of PGP, agonists and antagonists to CKTH2 



[01581 The binding ot PGD 2 agonist - ^^£2. « ^0^^^ 
rom CRTH2-expressing L1 .2 cells. To make the membrane P^«°"' ™ 9 nds on |ce wfth a Polytro n tissue 
20m.o,cold50mMTnsHCI(pH^ 
homogenizer. The suspension .s then d luted to ,80 ml wrth tne repea(lng ^ fesus . 

After discarding the supernatant, the pellet Is washed m« ««" m Suspended in 20 ml ot cold 50 

,o pension, homogenization, and wM^M described about FmaKy IP ^ ^ qr |cj> 

mM Tris HCI ( P H 7.7), aliquoted, and stored at - 1 BO C. 0«r As i day « V pVT-WGA scintillation 

and 25 ul is placed into each well of a 96-well mtoobter ptate. £ iul or m <m g 2 * compounds 
roximiiy asLy (SPA) beads (^am ) are «,en ^f^^SSSSSml^ 1 :17) to innate the 
to be tested are then added, followed by 5 ul of 30 nM H PGD^ , , , hour before being counted 
, 5 binding reaction. The plate is then sealed and ^^^^o TZl^ in wells containing 100 uM unla- 

crease in the number of cpm bound. 
20 Example 5 

,,.,„ . „ i^^ M -r-., OT i«^-lo-P"-«'°^B 

kit 1 : io and adjusting the pH to 7.4 wrth NaOH. Se eond. the Ca Sensmg y P j ^ . & ^ 

Component Afrom the kit in 10 and 1 ml of theCa- Sensing 

with 20 ml of Dulbecco's Modified ^"^^^^ cent ifugation at 1000 x g for 5 minutes, and 
30 Dye solution to produce the Assay Buffer. Cells are then pHM* by ^c g resuspended ,„ Assay Buffer 

aDoroximately 90% of the old culture media is removed by asp.rat.on i ne c The 
,Ta concentration o, 3.3 x 1* ceUs/pi, and 60 ,l o, ™^Z££^ZL* are added. The cell 

Se-r^ 

Example 6 

receptor (in comparison with DP). „„„„ n rt m comoete with binding of 3 H-PGD 2 was measured at 

l016 1] in the assay, the capacity of each ^J^^^^Z^ the controls, using cold PGD 2 to 
both the CRTH2 and DP receptors, and J/*™ „ CRTH2 , and a value of 0.0234 was 

compete with 3 H -PDG 2 , the IC» ^g^^SSi of Example 1 was used. Preferabfy. the ratio of 



50 



Example 7 



agonists in separate assays. 
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Example 8 



receptor 
arate assays. 



thesis is straightforward. oreoared (see I.G. Reshetova etal., Bull. 

^^^^ 

f jrS^SSX^ ^ syn.hes.ed via a route analogous to mat deseed in C. Menciu e, a,.. 

XFZ^FwXS^ - " d in BL My,ari 61 a '" J Med - Chem ' ; 34; pp - 108 ~ 122 ' 



1991. 



Claims 



25 1 A.ethodfondenti.yinaao^^ 

2 A method tor identifying a compound that mediates an activity o. CRTH2 receptor that is norma,, dependent 
upon the binding of PGD 2 thereto, comprising the steps ot: 
35 „i„ „f rtrm? with PGD, and measuring a resultant activity of said CKTH2; 

8SSS:i223S SSSiS PG^e presence also - an appropriate amount a test 

4 o the presence of said test compound. 

3. The method o, Cairn 2, in which the test compound is identified as an antagonist that interferes with the PGD 2 - 
dependent activity of CRTH2. 

« 4. The method of Claim 2, wherein the test compound is an antibody specific for CRTH2. 

5. The method of Claim 2, wherein the test compound is an antibody is specific for PGD 2 . 

6. The method of Claim 2, wherein the test compound is an agon,, that enhances the PGD 2 -dependen, acttvity of 
50 CRTH2. 

reperfusion injury, and inflammatory disease. 

thema, pruritis, and acne; stroke; and graft rejection. 
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9. The method of Claim 2, wherein the CRTH2 activity measured is the ability to bind to PGD 2 . 

10. The method of claim 2. wherein said CRTH2 is present on the surface of a mammalian cell, a membrane fragment 
thereof, or a lipid vesicle. 

' 11. The method of Cairn 10, wherein the CRTH2 is present on the surface of a mammalian ceil, and the PGD 2 - 
dependent activity of said CRTH2 is the chemotactic response of sad cell to PD^. 

species, or (c) an effect on actin polymerization. 
13. The method of Claim 2 wherein the CRTH2 is immobilized to a solid surface. 
15 14. The method of Claim 13 wherein said solid surface Is a microliter dish. 

15. A method for diagnosing a CKTH2-PGD 2 related disorder in a mamma, comprising measuring the level of: 

(a) CRTH2 gene expression, or 
20 (b) a PGD 2 -dependent activity of CRTH2, 

in a patient sample, and comparing said measurement to that determined from clinically norma, individuals. 

16 A diagnostte Kit comprising PGD 2 , or analog thereof, and a CRTH2 peptide, nucleic acid encoding a CRTH2 
25 polypeptide, or cell expressing CRTH2, packaged in a container. 

17. ThekitofClaimlMuhhercompnsingln^^^ 
in a patient. 

■ '=^^^ 

acne; stroke; and graft rejection. 



40 



45 
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Comparison of [3H]PGD 2 binding results in 
human eosinophils and CRTH2 and DP transfectants. 





CRTH2 
transfectant 
IC50, uM 


Human eosinophils 
IC50, uM 


DP transfectant 
IC50, uM 


PCD2 


0.015(4) 


0.025 (4) 


0.022 (3) 


PGF2a 


0.98 (1) 


1.5 (1) 


8.75 (1) 


PGE2 


1.6 (1) 


3.3 (1) 


676(1) 


BW-245C 


>100 (3) 


>100 (3) 


0.01 (2-3) 



FIG.1B 
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10 



10- 11 10" 10 10" 
Concentration (M) 

FIG. 3A 



Human CD4 T cells were isolated from PBMC and stimulated with arti-CD3 and/or 
anti-CD28 for 4 days and chemotaxis assay was performed using PGD2, murine 
MDC and murine SDR 
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Chemotactic response of human basophils to PGD2 

Basophils 




FIG. 4 



The structure of two PGD2 antagonists: 

OH 



HsCl^^COOH %J 

IAa-11 BW-A868C 

FIG. 5 
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C0 2 H 



9a, 11b-PGF2 

HQ 

HO 



\ 




Z/(CH 2 ) 3> 



(CH 2 ) 4 



v C0 2 H 



Me 



OH 



PGJ2 



PCE1 



.-•^ Z.^(CH 2 ) 3X 

/If C0 2 H 

- R kj^^/(CH 2 ) 4> . 



OH 




BW-245C 



H0 2 C 



V 



(CH 2 )6 



OH 



PGE2 




(CH 2 ) 3n 

(ch 2 ) 4n 



C0 2 H 



Me 



OH 



PGF2a 

HQ 



PGI2 



(CH 2 ) 3 



/C0 2 H 



y /VZ / /1CH 2 )3 S 
SrI * " " C0 2 H 



(CH 2 ) 4 



V 



HO 



Me 



OH 




S^*(CH 2 ) 4 v 



*Me 



FIG. 6 
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PGD Ring 



COOH 




PGD2 



QH 



COOH 




5. 

OH 



PGD1 



FIG. 7A 
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\ 



16,16-dimethyl PCD2 



OH 
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FIG. 8 
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PGJ Ring 




1 5-deoxy-delta 12,14 PGJ2 




Delta 12 PGJ2 

FIG. 9 
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(a) 



[4-Chloro-2-(4-chloro-phenylsulfanyl)-phenyl]-acetic acid 
Ratio of CRTH2 IC 50 to DP IC 50 is less than 1 :40. 




4-f3-Acetoxv-4 4 l0,13,14-pentam8thyl-7-oxo-2,3.4,5,6,7,10,11, 12,13.14, 
1 5 1617*^ 

Ratio of CRTH2 IC 50 to DP IC 50 is less than 1 :30. 



FIG. 10 A 
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1. Claims: 1-17 

Screening assays for identifying a compound that modulates 
the binding or activity of the CRTH2 receptor 



2. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGD ring the compound being PGD2. 



3. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGD ring the compound being PGD1. 



4. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGD ring the compound being 
!3,l4-d1hydro-l5-keto PGD2. 



5. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGD ring the compound being 15(R) 
15-methyl PGD2. 



6. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGD ring the compound being 
15(S)15-methyl PGD2. 



7. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGD ring the compound being 
16, 16-dl methyl PGD2. 
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8. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGD ring the compound being 
15-deoxy-delta 12,14 PGD2. 



9. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGF ring, the compound being PGF2a. 



10. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin 02 agonist 
compounds based on a PGF ring, the compound being 
13,14-dihydro-15-keto PGF2a. 



11. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin 02 agonist 
compounds based on a PGF ring, the compound being 
8-1so-l5-keto PGF2a. 



12. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin D2 agonist 
compounds based on a PGF ring, the compound being 9allb 
PGF2a. 



13. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being a prostaglandin 02 agonist 
compounds based on a PGO ring, the compound being 
15-deoxy-delta 12,14 PGJ2. 



14. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
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receptor the compound being a prostaglandin D2 agonist 
compounds based on a P6J ring, the compound being delta 12 
PG02. 



15. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being the prostaglandin D2 agonist 
'4-chloro-2-(4-chloro-pheny1su1fanyl )-phenyl ! -acetic acid 



16. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being the prostaglandin D2 agonist 
4-( 3-Acet oxy-4 ,4,10,13, 14-penty 1 met hyl -7-oxo-2 ,3,4,5,6,7,10,1 
1,12,13,14,15,16, 17-tetradecahydro-lH-cycl openta ' a ! phenanthre 
n-17-yl )-pentano1c add 



17. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being the prostaglandin D2 agonist 
( 1-Benzothi azol -2-yl methyl -5-fl uor o-2-methyl -1H-1 ndol -3-yl )- 
acetic add 



18. Claim : 18 (partially) 

Use of a compound that modulates an activity of CRTH2 
receptor the compound being the prostaglandin D2 agonist 
' 3-(6-Hydroxy-benzoth1 azol -2-ylmethyl )-4-oxo-3 , 4-di hydro-phta 
lazln-l-yl ! -acetic acid 
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